OBJECTIvE: This study aimed to determine the sex in human craniums using methodologies of Physical Anthropology, quantitative (Forensic Data Anthropology Bank, FDB, 1986) and one qualitative (Walker, 2008) and genetic analysis by amelogenin. METhODS: The sample was composed of 66 skulls (34 males and 32 females) from the Center for Study and Research in Forensic Science, Guarulhos, SP. The methodologies were applied by two researchers who were unaware of the cranium's sexes. For the statistical analysis, there were performed descriptive analysis, average, standard deviation, linear discriminant analysis and logistic regression. RESUlTS: The qualitative methodology presented an accuracy of 89.52%. For the DNA, it was possible to determine the sex in 86.15% of the sample. Analyzing the results for each skull in three different methodologies, we reached 100% correct. CONClUSION: As a result of this study, it is recommended that physical anthropology be the chosen method if it presents good accuracy when applied to different populations or if it is validated for the analyzed population. Otherwise, genetic analysis should be used for the determination of the sex.
Sex estimation study in skulls from Brazil's southeastern population using Physical Anthropology and DNA 
INtRoDuCtIoN
In human identification, an accurate estimation of sex reduces of the total number of subjects during the identification process of unknown subjects. Sex estimation of skeletal remains may be done through the anthropologic evaluation and through the molecular biology. Forensic skeletal examination of remains offers several advantages: it is relatively easy to apply, results are rapidly available, costs are low, and only basic osteometric instruments are required. Disadvantages are that they cannot normally be applied to children's skeletons, and they must be population specific, as has been pointed out by many studies [1] [2] [3] [4] [5] [6] [7] [8] .
DNA is often regarded as providing infallible evidence of sex using amelogenin. It has some distinct advantages; it does not require population adjustments, it can provide reliable genetic sex identification under the right circumstances and can be used on remains of any age. However, it also has limitations. It is subject to degradation, it is expensive and results are not immediately available. Morphological sexing may be based on measurements or observations, quantitative or qualitative. Both approaches rely on comparing an unidentified skull to criteria established from documented samples. Qualitative methods are based on visual scoring of specific traits using standardized definitions [2] . Quantitative traits are measurements between specifically defined craniometric points [16] . Both the somatoscopic and the somatometric methods show that normally the male skulls are larger, and have more robust muscle attachment area, as shown in several studies [4, 5, 7, [10] [11] [12] [13] [14] .
From the technical and criminalist point of view, DNA can be collected from any biologic specimen, however, the biological material recovered in forensic scenes may suffer environmental changes (temperature, soil pH, humidity), that may cause breaks and changes in the chain of nucleotides and, consequently, modify the composition and the normal structure of the DNA, making the analysis impossible [3] . In DNA analysis for sex determination, traditionally, amelogenin has been used and became a standardized method in the kits used in the human identification [8] . Amelogenin or AMEL is a protein secreted by the ameloblasts, found on the enamel. The gene that encodes the female amelogenin is located on the X chromosome and has 106 pairs of bases, while the one found on the Y chromosome contains 112 pairs of bases. Females have homozygous alleles and identical genes and males are heterozygous [1] . This paper will utilize the morphoscopic traits of Walker (2008) [14] and metric traits as defined by Moore-Jansen et al. (1986) [9] . This will allow a direct comparison of the two methods to ascertain how well they agree with each other and with documented sex. Sex was also determined from amelogenin commonly present in the identification kits, called multiplex, containing several STRs. This will allow a determination of degradation dna undergoes under the conditions of burial. The sample consisted of 66 skulls, 32 females and 34 males, all documented as to age, sex and origin, from the collection of the Center of Study and Research in Forensic Sciences, of city of Guarulhos, SP. Only intact skulls with mandibles of individuals above 20 years old were included. The skeletons were excavated from a local graveyard of Guarulhos. After five years of burial, the skeletons are unearthed and families are called to remove them. The skeletons that are not removed by the family in a specific legal period of time, become part of the collection of the Laboratory of Forensic Anthropology and are used in research. There is an obituary, in which are recorded the features of these skeletons. They came from multiracial origins from different places in Brazil. The causes of death vary, ranging from diseases to violent death.
For the DNA analysis two teeth or two vertebrae (from the edentulous skeletons) were extracted for the genetic analysis. One skull (002/10) was excluded because it had been submitted to the physiochemical cleaning process before the collection of the material. This research was submitted to the Ethics Committee in Research of the Faculty of Dentistry of São Paulo and was approved under protocol number 138/2010.
Method of the Forensic Data Bank
The method of the FDB (Moore-Jansen et al. 1984) [9] describes 34 skull measurements shown in Table 2 .
Method of Walker
Walker's method [14] evaluates the following morphological criteria: Mental Eminence, Supraorbital Margin, Supraorbital Ridge/glabella, Nuchal Crest and the Mastoid process. The traits are assigned scores from 1 to 5 by visual assessment using the criteria presented in Buikstra and Ubelaker (1994) [2] . Criteria 1 and 2 indicate the most delicate, thinnest and smallest structures, more common in women, while 4 and 5 describe widest, roughest and most angular structures typically found in males. Category 3 is intermediate between the two sexes.
Means and standard deviations were computed for the measurements, and frequencies for the ordinal traits. Linear discriminant analysis was done for the measurements and logistic regression was done on both. Walker's formula, as given below valited: The probability of being of the female sex (PF) and of the male sex (PM) was calculated according to the equations: PF = 1 / (1 + e -logito ) and PM = 1 -PF.
Calibration of the researchers
All the measurements were done by the researchers in thirty two skulls. To evaluate the intra-observer error, just the researcher who applied the methodologies repeated the same measurements in 14 skulls in a period of approximately 1 month. For the measurements the paired "t" Test was applied and for the Walker, the Kappa index was used, with an accuracy between 50 and 100%. In the inter-examiner evaluation, such index was lower for some variables, however when the classification in the scores from 1 to 5 done by the researchers was analyzed, the difference was in just one number in the scale, there not being the possibility of error in the final classification of the sex.
Analysis and tabulation of the results
The measurements, all of them in millimeters, were noted on a specific form created with the objective of registering measurements. The data obtained in the anthropologic analysis was tabulated using the program Excel (Microsoft Office ® ). The statistical procedures were executed in the Program STATA 12, with a significance level of 5%.
Analysis by DNA

Preparation of the teeth and of the vertebrae
Sweet and Hildebrand's (1998) [15] method was used for preparation of the teeth. Preparation consisted of physicochemical cleaning process with scaling using periodontal curettes and 70% alcohol wash. Then they were sectioned in their coronary portion with a sterilized carborundum disc, substituted to each unit and sprayed from 3 to 4 immersions in liquid nitrogen maintaining the rise and fall movement of the pestle constant. From 1 to 5 g of each pulverized dental sample was used. The preparation of the vertebrae followed the protocol described by Kemp and Smith (2005) [16] . The vertebrae were aggressively cleaned with sandpaper to remove the exterior layer and contamination. They were cleaned with alcohol and bleach diluted for 20 minutes and rinsed with sterile distilled water. A manual bandsaw was used to fragment them into very small pieces. The pieces of bone were air dried. From 1 to 5 g of the pulverized bone sample was used.
Extraction of the DNA
The extraction of the DNA was done according to the instructions of the QIAamp DNA Investigator Kit (Quiagen™,Venlo, Limburgo, Países Baixos). After the extraction of the DNA, electrophoresis was run on 1% agarose gel with a molecular weight marker of 100 pairs of bases. The image was visualized to confirm the presence of genetic material. DNA was quantified using the Spectrophotometer NanoDrop 2000 (Thermo Scientific™, Wilmington, Estados Unidos da América, EUA).
Reactions of PCR and primers used
The chosen region for the amplification through the PCR technique was the amelogenin (Forward Sequence: GTTTCTTCCCTGGGCTCTGTAAAGAATAGTG; Reverse Sequence: TCAGAGCTTAAACTGGGAAGCTG ). The primers were synthesized by the company Life Technologies Brasil, Commerce and Industry of Biotechonology Products LTDA (Carlsbad, Califórnia, EUA), being that one of them was marked with 6FAM fluorescence while the other one was not marked.
For the PCR reaction, the Thermal Cycler Veriti 96 well was used (Applied Biosystems™, Carlsbad, Califórnia, EUA). A mixture with a total volume of 15µL was obtained, containing water, buffer (2X), MgCl 2 (50mM), dNTPs (10Mm), Primer F and R (1µM of each), DNA polymerase (5U) and DNA mold. Human DNA from blood was used as a positive control. The negative control consisted in replacing the DNA with water, this way it was possible to detect possible contaminations of any of the reagents. Forty cycles of the following program were run: Hot-start, 95°C for 10 minutes; Denaturation, 94°C for 30 seconds; Hybridization, 54°C for 1 minute; Extension, 72°C for 1 minute; concluding with the final Extension at 72°C for 60 minutes.
Analysis of fragment
After the PCR, a quantity of 1µL of the product of each sample had an addition of 9µL of HI-DI (highly deionized) formamide and of 0.3µL of LIZ 600, and the fragment was analyzed in the ABI 3500 (Applied Biosystems™) sequencer with the GeneMapper (Applied Biosystems™) software. The data obtained through the use of the Molecular Biology for the amelogenin was statistically studied through a descriptive analysis. Table 1 presents the Walker scores for the sample of 66 crania. Both the logistic and linear discriminant analysis, showed the mastoid process to be the single best sex discriminator, achieving 82.35% accuracy for males sex and 90.63% for females. Combining the mastoid process with the supraorbital ridge/glabella, the accuracy was 85.29% and 93.75% for males and females respectively. No further improvement was obtained by adding the remaining three variables.
RESuLtS
Method of Walker
For the logistic regression, the equations that offer the best results for both sexes (accuracy of 89.52%) were the following ones: The probability of being of the female sex (PF) and of the male sex (PM) was calculated according to the equations: PF = 1 / (1 + e -logito ) and PM = 1 -PF. Method of the FDB In the Table 2 , it is presented the data of the measurements in the 66 skulls, showing the Mean and Standard deviation and the Confidence interval for each measurement, divided by sex. With the exception of the Nasal Breadth (al-al), Interorbital breadth (d-d) and Mandibular Angle measurements, all the other measurements presented the highest mean for the male sex. The majority of the measurements resulted in a statistically significant difference between the sexes confirmed by the value of p < 0.05; except the Nasal Breadth (al-al), Maximum Alveolar Length (pr-alv), Upper Facial Height (n-pr), Upper Facial breadth (fmt-fmt), Orbital height (OBH), Orbital Breadth, Biorbital breadth (ec-ec), and Body Thickness at M. For. Right measurements.
Through the logistic and linear discriminant analysis, the highest accuracy percentage occurred in the combination of the Cranial Base Length (ba-n), Maximum Length (g-op), Bizygomatic Breadth and Nasal Height (n-ns) measurements. Linear discriminant analysis yielded an accuracy rate of 80.77% for males and 96.15% for females, 92.31% in the logistic analysis for both sexes. The probability of being of the female sex (PF) and of the male one (PM) was calculated according to the equations: PF = 1 / (1 + e -logito ) and PM = 1 -PF.
Genetic Analysis through amelogenin
In the analysis by DNA, from the total of 65 elements evaluated, 30 were teeth and 35 vertebrae. Just 23% (n=15) presented satisfactory conditions for the analysis by DNA, all the teeth. All the vertebrae were in a bad situation, with changes, excavated and whitened, and with a fungal aspect. The determination of was possible in 86.15% (n=56) of the elements. In the males (n=33), sex identification was
n=32), sex determination was possible in 78.12% (n=25) of the elements. Among the elements in which the sexual determination was not possible (n= 9), were 6 vertebrae and 3 teeth, only 1 of which (1 tooth) was in a satisfactory situation for the genetic study. 
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Comparation of three methodologies
We examined whether the sex was correctly estimated by the different methods for each skull studied using the formulas that provide the best outcome for the methodologies. Comparisons were cross tabulated in table.
There was obtained 100% of accuracy, or when a skull may not have sex estimated by a method responded positively to another methodology ( Table 3) .
DISCuSSIoN
The results of this research showed that in the males, the great majority of the measurements presented a mean value superior to the one found in females, proving that the determination of the sex can be done by skull analysis, as described by several authors such as Gilles and Elliot, 1963 [7] ; Konigsberg and Hens, 1998 [10]; Rogers, 2005 [13] ; Dayal et al., 2008 [4] .
It is known that sexual dimorphism may be influenced by ethnic factors. Because of this, the same methodology may present different results when applied to distinct communities for sex estimation. This way, there is the need of the validation of methods whose results were promising in distinct racial groups. Especially in Brazil, such analysis becomes extremely necessary for it being a country with a multiracial general characteristic, with a mixture among white, black and indian people and with distinct regions in which there are specific and local miscegenation, such as in the South and Northeast [17] . Because of this, the anthropologic methodologies used in this study were selected according to the results of researches published in other countries, involving different populations such as the method of the Forensic Anthropology Data Bank (FDB) (1986) [9] and the method of Walker (2008) [14] , with accuracy above 80% [18] .
The accuracy rate obtained in this study with the application of the anthropology was equal or superior to the one found in other similar studies, pointing that the methods analyzed present a high discrimination efficiency between the sexes [4, 7, [10] [11] [12] [13] [18] [19] [20] .
We also attempted to validate Walker (2008) [14] by applying his formula to the Brazilian data (S = Glabella * -1.37 + Mastoid. * -1.18 + Mental * -1.15 + 9.128). It achieved 88.24% accuracy for males and 81.25% for females in our sample, a result very close to his (88.24% for males and 86.4% for females). Despite similar results of this study (89.52%) and that of Walker (88%), the distribution of the scores in the numerical categories were somewhat different from Walker's. In our sample female skulls were classified mainly in categories 2 and 3, while the majority of the male skulls fell into categories 3 and 4, except the mental eminence element that classified these skulls between the scores 2 and 3. In Walker's (2008) study, the majority of the male skulls fit in the scores 2, 3 and 4, while the female skulls fit in the scores 1 and 2. The difference may be attributed to population variation, emphasizing again the necessity of population specific sexing criteria. This variation can be explained by the ethnic (genetic), nutritional and cultural differences among the groups, factors that influence the craniofacial growth, as argued by (Walker, 2008) [14] . This study demonstrates the effectiveness of both visual and metric sexing. It agrees with other studies that find nasal height and bizygomatic breadth are the most dimorphic dimensions. It agrees with Walker's results that the mastoid and glabella region are the most dimorphic visually assessed traits.
The genetic assessment of sex relied on samples of teeth and vertebrae. The majority of the sample (77%) presented itself in a very unsatisfactory condition; in other words, with dirt, humidity and enveloped in leaves and earth. The failure to recover DNA was non-randomly distributed in the cemetery and exposure to sewage may be responsible for the degradation. In particular, all the vertebrae had a whitened aspect compatible with the presence of fungus, and portions were fragmentary or easily disintegrated touching, a fact that can probably explain the worst result of these elements in the genetic study (from the 9 that were not amplified, 6 were vertebrae).
In the analysis applying the amelogenin gene for the determination of the sex, it was possible to determine the biologic sex in 86.15% (n=56) of the elements, results that are in accordance with the literature [21, 22] . Decreasing proportions were found by Tschentscher et al., 2008 [23] , with 50% and by Ganswindt et al. in 2003 [6] and Ricaut et al., in 2005 [24] , with 43%.
It is believed that the rate of 13.5% of failure (n=9) in the sex classification had occurred mainly due to the precarious condition of the sample, culminating in genetic material of inferior quality and very degraded, as observed in the quantification of the samples supported by the literature [24] .
In relation to the conformity between the sex found and the real sex of the individual, sex determination was possible in 93.94% of the male sample (n=31) and in 78.12% (n=25) of the female sample. None of the male sample presented reading error, as being homozygous (XX). Therefore, in this study, the "deleted-amelogenin males" or DAM issue did not occur, as reported by some authors [3, 25] . Therefore, in all cases in which it was not possible to determine sex, it occurred due to the absence of the amplification of the gene, without the peak formation in the image. The results obtained with the male sample were very relevant since the great difficulty in the use of the amelogenin is present only in the referred sex, according to the literature.
Finally, comparing the best results found in the application of the Physical Anthropology, whose qualitative methodology presented around 89% and the quantitative one, 92.31% with the data obtained in the DNA analysis by the amelogenin gene (86.15%). And, when applying three methods, at least one of them was always correct.
CoNCLuSIoN
The choice of the method for the estimation of the sex should be guided by the analysis of the state and the presentation of the forensic remains, as well as in the analysis of the context of the forensic service, taking into consideration the applicability, the reproducibility, the cost of the technique, of the material and of the professionals, and the demand of trained people. In these aspects, Anthropology emerges with advantages in relation to DNA, presenting as the only inconvenient the necessity of adjusting the chosen methodology due to the ethnic and cultural differences among the population groups. In the case of the molecular biology, such standardization is not necessary. Thus, as a result of this study, it is recommended that physical anthropology be the chosen method if it presents good accuracy when applied to different populations or if it is validated for the analyzed population. Otherwise, genetic analysis should be used for the determination of the sex.
